Abstract. KPD 1930+2752 is a pulsating subdwarf B star with a particularly rich period spectrum, likely due to significant rotational splitting. It is also a short period (∼ 2h17m), close binary system (as revealed by the presence of an ellipsoidal variation in the light curve) containing an unseen companion -almost certainly a white dwarf. Radial velocity measurements indicate that the total binary mass exceeds the Chandrasekhar limit. KPD 1930+2752 is therefore the first known (non-X-ray source) candidate for a Type Ia supernova (SNe Ia) progenitor that should explode within an astrophysically interesting timescale (∼ 200 Myr) after the two stars merge due to gravitational wave radiation. Additionally, the tidal distortions are indicative of the strong tidal force incurred on the pulsating star by its companion. This will allow us to test the effects such strong tidal forces have on pulsations. Hence, this object presents an outstanding astrophysical interest, and deserves to be observed with the WET network to fully resolve the complex pulsation pattern of the pulsating sdB star, as well as the details of the ellipsoidal modulation. The asteroseismological analysis of the pulsation data obtained with the WET, along with a detailed analysis of the folded, high S/N ellipsoidal variation will lead to strong physical constraints on this particularly interesting stellar object.
SCIENTIFIC JUSTIFICATION
Asteroseismology has the potential to bring very valuable insight to our understanding of the internal structure of pulsating stars, provided that sufficiently large numbers of modes can be detected (hence often requiring high S/N and/or long time baseline observations) and that reliable theoretical tools to interpret the oscillation patterns are available. Particularly favorable situations can sometimes occur when the pulsating object is also a member of a more complex system (e.g., a close binary system) from which additional and/or independent information on the stellar parameters can be obtained. Such composite objects are extremely interesting astrophysical laboratories to study.
Multi-periodic luminosity variations were discovered in KPD 1930+2752 in 1998 (Billeres et al. 2000) . Detailed analysis of the light curve revealed the presence of at least 44 short-period overtones (significantly more than is usually seen in EC 14026 stars) with periods and amplitudes respectively in the ranges 145-332 s and 0.06-0.45% of the mean brightness of the star. However, the light curve is dominated (∼ 1.39% of the mean brightness) by a nearly sinusoidal modulation with a much longer period of ∼ 4108.9 s. That latter variation has no equivalent among the other known EC14026 stars and is interpreted as the ellipsoidal deformation of the sdB star in a close, but detached binary system containing a faint, unseen companion (most likely a white dwarf). Maxted et al. (2000) brought the confirmation that KPD 1930 +2752 is a binary system by measuring, from the Hα and He I-6678Å spectral lines, radial velocity variations with the same period (∼ 2h17m) as the orbital period derived from the ellipsoidal modulation. In addition, they found from the kinematics (the projected orbital velocity is K = 349.3±2.7 km/s) that the unseen companion is almost certainly a white dwarf (as suspected by Billeres et al. 2000) and that the total mass of the binary system (at least 1.47±0.01 M ) then exceeds the Chandrasekhar limit (1.4 M ). Since the binary system should merge within only ∼200 Myr due to gravitational wave radiation, KPD 1930+2752 becomes the first good candidate to be discovered of a Type Ia supernova (SNeIa) progenitor that can be associated with the double-degenerate SNe Ia model. Type Ia supernovae are of utmost importance as they can be seen out to enormous distances and are used to derive cosmological parameters (e.g., the cosmological constant; Perlmutter et al. 1999) .
When tidal forces dominate the Coriolis (or centrifugal) force, it has been suggested that the pulsation axis may align with the companion. This is analogous to roAp stars where the pulsation axis is aligned with the magnetic field axis. If true, the pulsation axis precesses with the orbit and each real pulsation period then creates multiple peaks in the Fourier transform of the integrated lightcurve.
These peaks, along with phase cues, provide signatures of a tipped pulsation axis. Cues which can also be used to uniquely identify the pulsation modes (Reed et al. 2002 ; the paper, along with plots can be seen at http://sdbv.smsu.edu/mreed/IAU185/).
In this context, we propose to observe KPD 1930+2752 with the Whole Earth Telescope (WET; Nather et al. 1990 ) as a primary target in XCov23. Its complex temporal spectrum requires continuous coverage (to eliminate daily aliases) and the long time baseline that only the WET can offer to fully and unambiguously resolve the pulsations. It is also expected that KPD 1930+2752 is tidally locked to its companion (as confirmed by a recent v sin i measurement of 90.2 ± 4.2 km/s; from U. Heber report at 2002 WD conference in Naples), thus presenting a known rotation period.
Our goals for this WET campaign are as follows: (1) Fully resolve the complex temporal spectrum. (2) Search for a tidally induced tipped pulsation axis using the method outlined in Reed et al. (2002) . (3) If a tidally induced tipped pulsation axis is not detected, then, to first order, non-radial pulsations will be split according to the simple Ledoux formula: f klm = f 0 +m(1−C lk )F rot with Frot=1/2.3 h, the star's rotation frequency. The rotational splitting coefficient C kl is a function of the structure of the star, and is estimated from pulsation models for sdB stars. This may allow for traditional mode identifications. Study of smaller second order effects due to the fairly fast rotation rate of this star as well as the tidal deformation is also to be considered. 4) Build a folded light curve of the ellipsoidal variation (after removing the variations due to pulsations) with a much higher S/N. In two weeks of continuous observations, one could accumulate as much as ∼ 150 orbital cycles. This would permit us to resolve and measure the small effects present in the ellipsoidal variation (e.g., the transit of the white dwarf in front of the sdB suggested by the current data).
With a V magnitude of 13.8, KPD 1930+2752 is easily visible from 1 m class telescopes, but the real observed signal is not the mean level of the star, but the deviations around that mean due to the stellar pulsations. With the fairly low amplitudes of this star (we are expecting modes of 0.01 mag or less), 2 m class telescopes are really more appropriate. Sites requested for this campaign are expected to include the 3.6 m Canada-France-Hawaii Telescope, Beijing Astrophysical Observatory 2.16 m, SAAO 1.9 m, McDonald 2.1 m and Observatoire de Haute Provence 1.9 m, among others.
With this WET campaign on KPD 1930+2752, we intend to exploit the tremendous potential of this object as a laboratory for stel-lar astrophysics. The rich pulsation period spectrum fully resolved by the WET should allow us to perform a very detailed asteroseismological analysis of the pulsating sdB component. For several years now, we have developed the capability to model the non-adiabatic pulsation properties of EC 14026 stars (see Charpinet et al. 2001 , for a review). Using our current models, we have also recently set up a genetic algorithm based method to derive, in an objective way, the set of stellar parameters that best reproduce the observed periods. Applied to other sdB pulsators (PG 0014+067 and PG 1047+003, so far), this method has led to impressive results Charpinet 2001 ) and we intend to analyze KPD 1930+2752 with the same tools using the WET data. The high S/N folded ellipsoidal lightcurve build from the WET data will also bring additional constraints on KPD 1930+2752 that are independent of the sdB pulsation analysis. All this put together promises to be extremely valuable to measure key parameters of the sdB star structure itself as well as of the complete sdB+WD system.
JUSTIFICATION FOR USING THE WET
With at least 44 individual pulsation modes within 4000 μHz, WET is clearly the best instrument for resolving the pulsations. There is no other instrument (except perhaps the Delta Scuti Network, which samples a different frequency domain) available from which we could expect a high duty cycle from seasoned observers on reasonably sized telescopes. For KPD 1930, this combination is especially important. KPD 1930 lies in the plane of the galaxy and as such, has a relatively crowded field. CCD photometry or wellguided photometers are essential to measure the true periodicities rather than drive periods, and the near-instant feedback provided by a staffed headquarters are required to insure that the data is of a useful quality. This target has been successfully observed using a well-guided photometer (LAPOUNE) and a CCD (at only a modest-sized telescope), and unsuccessfully observed using "by-eye" CCD guiding with a photoelectric photometer. WET's active headquarters will quickly be able to determine which telescopes and photometers will be able to obtain useful data, and which should proceed to secondary targets.
Additionally, in order to determine if KPD 1930 has its pulsation axis aligned by the tidal force of its companion, a high observational duty cycle is necessary. This is both good and bad as the WET (dur-ing XCovs 18, 20, and 21) has proven that it can attain high duty cycle observations. Yet we have to realize that this is also a downfall because if we get low duty cycle (due to weather or instrument problems, etc) we may still be able to resolve the temporal spectrum, but not have enough data to ascertain how the pulsation axis is aligned. Single-site data was obtained in 2001 to look for indicators of a tipped pulsation axis. As expected, the duty cycle of singlesite observations was too low with the consequence that when the lightcurve was phase-binned, aliases dominated the temporal spectrum. Therefore KPD 1930 would need to be the only primary target observed by the WET during its run to ensure a useful duty cycle.
Note that sites in the northern hemisphere are more suited to follow this object, although southern observatories could also propose a good complementary coverage, as well as provide a significant amount of time for a secondary target. At RA (2000) • 58.5 , KPD 1930+2752 has its transit at local midnight in mid July. Dark time is necessary for such precise fast photometric observations as one can still deal with less than photometric sky conditions (i.e., the presence of thin cirrus) provided that the moon is not up to produce copious scattered light. Therefore, the most favorable period to observe KPD 1930+2752 with the WET is in July. However, due to weather considerations, dark time in June or August is preferable as several northern hemisphere sites have "rainy seasons" which begin during July.
If accepted as a primary WET target, the PIs will be able to apply for CFHT time as part of the run. Also, since one of the PIs (Stephane Charpinet) is at Observatoire Midi Pyrénées, the headquarters for XCov20, it should be easier to staff. Already on site are the PI as well as other WET members including Gerard Vauclair and Noel Dolez.
